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Dieser internationale Recherchenbericht umfaBt insgesamt _3 Blatter. 

rX~| Daruber hinaus liegt ihm jeweils eine Kopie der in diesem Bericht genannten Unterlagen zum Stand der Technik bei. 



2. 
3. 



Grundlage des Berlchts 

a. Hinsichttich der Sprache ist die internationale Recherche auf der Grundlage der internationalen Anmeldung in der Sprache 
durchgefuhrt worden, in der sie eingereicht wurde, sofern unter diesem Punkt nichts anderes angegeben ist. 

| | Die internationale Recherche ist auf der Grundlage einer bei der Behorde eingeretchten Ubersetzung der internationalen 
Anmeldung (Rege! 23.1 b)) durchgefuhrt worden. 

b. Hinsichtlich der in der internationalen Anmeldung offenbarten Nucleotld- und/oder Amlnosauresequenz ist die internationale 
Recherche auf der Grundlage des Sequenzprotokolls durchgefuhrt worden, das 
| | in der internationalen Anmeldung in Schrif licher Form enthalten ist. 
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bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist. 

Die Erklarung, dafi das nachtraglich eingereichte schriftliche Sequenzprotokoll nicht uber den Offenbarungsgehalt der 
internationalen Anmeldung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt. 

Die Erklarung, daR die in computerlesbarer Form erfafiten Informationen dem schriftlichen Sequenzprotokoll entsprechen, 
wurde vorgelegt. 

Bestlmmte Anspruche ha ben slch als nlcht recherchlerbar erwlesen (siehe Feld I). 
Mangelnde Elnheltllchkelt der Ertlndung (siehe Feld II). 
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4. Hinsichtlich der Bezelchnung der Ertlndung 

|*X"| wird der vom Anmelder eingereichte Wortlaut genehmigt. 
| | wurde der Wortlaut von der Behorde wie folgt festgesetzt: 



5. Hinsichtlich der Zusammenfassung 

ryi wird der vom Anmelder eingereichte Wortlaut genehmigt. 

wurde der Wortlaut nach Regel 38.2b) in der in Feld III angegebenen Fassung von der Behorde festgesetzt. Der 
| | Anmelder kann der Behorde innerhalb eines Monats nach dem Datum der Absendung dieses internationalen 

Recherchenberichts eine Stellungnahme vorlegen. 

6. Folgende Abbildung der Zelchnungen ist mit der Zusammenfassung zu veroffentlichen: Abb. Nr. . 



| | wie vom Anmelder vorgeschlagen [X] keine der Abb. 

| | weil der Anmelder selbst keine Abbildung vorgeschlagen hat. 
| | weil diese Abbildung die Erfindung besser kennzeichnet. 
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1. This international preliminary examination report has been prepared by this International Preliminary Examining 
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2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/EP00/03568 



I. Basis of the report 



1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 

the international application as originally filed. 
| | the description, pages 1,2,4-16,18-31 . as nri F in a 1lv fil^H 

pages , filed with the demand, 

pages LiZ , filed with the letter of 

pages , filed with the letter of 



07 Mav 2001 (07.05.200 1) 



| | the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



2,3,5-13,15-19 



1,4,14 



. , as originally filed, 
, as amended under Article 19, 

p , filed with the demand, 

. , filed with the letter of 

, filed with the letter of 



07 Mav 2001 r07.05.200n 



| | the drawings, sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig _ 



1/3-3/3 



. , as originally filed, 
. , filed with the demand, 
, , filed with the letter of 
, filed with the letter of 



| 2. The amendments have resulted in the cancellation of 

□ 

the description, pages 

the claims, Nos. 



□ 

the drawings, sheets/fig 



3. □ J 1 " 5 re P° rt haf_ be fn established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



^ternational application No. 
PCT/EP 00/03568 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-19 



1-13 



14-19 



1-19 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

1. This invention concerns the use of carbopyronine 

compounds as marking groups in methods for detecting 
analytes, new carbopyronine compounds and a method 
for producing these compounds . 



2.1 This report makes reference to the following 
documents : 



Dl: EP-A-0 543 333 
D2: US-A-5 366 860 

D3 : C. AARON AND C.C. BARKER: "Steric Effects in 
Di- and Tri-arylmethane Dyes. Part X.", 
JOURNAL OF THE CHEMICAL SOCIETY, SECTION B: 
PHYSICAL ORGANIC CHEMISTRY, No. 2, 1971, pages 
319-324 

D4 : G. HAL LAS : ^Electronic Absorption Spectrum of 
the alpha- 1-Adamantyl Derivative of Michler' s 
Hydrol Blue", JOURNAL OF THE CHEMICAL SOCIETY, 
SECTION B: PHYSICAL ORGANIC CHEMISTRY, No. 1, 
1967, pages 91-92 

D5: R.W. CASTELINO AND G. HAL LAS : "Electronic 
Absorption Spectra of Some Analogues and 
Derivatives of Michler' s Ketone", JOURNAL OF 
THE CHEMICAL SOCIETY, SECTION B: PHYSICAL 



Form PCT/IPEA/409 (Box V) (January 1 994) 



fcemational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/EP 00/03568 



ORGANIC CHEMISTRY, No. 7, 1971, pages 
1468-1471. 

2.2 The following document was cited in the description 
of the application. The numbering will be retained 
throughout the proceedings : 

D6: C. AARON AND C.C. BARKER: ^Steric Effects in Di- and 
Tri -arylme thane s . Part VIII. Electronic Absorption 
Spectra of Planar Derivatives of Michler' s Hydrol 
Blue.", JOURNAL OF THE CHEMICAL SOCIETY, 1963, pages 
2655-2662 . 

3. Novelty 

Dl describes pentacyclic compounds with a rhodamine- 
like structure that can be used as markers. 

D2 describes rhodamine dyes that can be used as 
markers . 

D3 describes 2 , 8 -dimethylamino- 5 - (o-tolyl) -10 , 10- 
dimethyl- 10-dihydroanthracenes (compound II, Table 

1, R 1 =R 2 =H, R 3 =Me) , 2 , 8 -dimethylamino- 5- (p-tolyl) - 
10 , 10 -dimethyl -10-dihydroanthracenes (compound II, 
Table 1, R 1 =Me , R 2 =R 3 =H) , 2 , 8 -dimethylamino -5 - (2 - 
tbutylphenyl) -10 , 10 -dimethyl -10-dihydroanthracenes 
(compound II, Table 1, R 1 =tBu, R 2 =R 3 =H) , 2,8- 
dimethylamino-5- (2 -dimethylaminophenyl) -10, 10- 
dimethyl- 10-dihydroanthracenes (compound II, Table 

2, R X =R 2 =H, R 3 =NMe 2 ) , 2 , 8 -dimethylamino- 5 - 1 -butyl - 
10 , 10 -dimethyl -10-dihydroanthracenes (compound VI, 
R 1 -tBu, R 2 =Me) (page 321, first column, line 2 7) , 

2 , 8-dimethylamino-5-isopropyl-10, 10 -dimethyl -10- 
dihydroanthracenes (compound VI, R 1 -iPr, R 2 =Me) 
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(page 321, first column, lines 29-30), 2,8- 
dimethylamino-5- (p- dimethyl aminobenzene) -10, 10- 
dimethyl-10-dihydroanthracenes (compound VI, R 1 =p- 
Me 2 -C 6 H 4 , R 2 =Me) (page 321, first column, line 47) 
and their absorption spectra. 

D4 describes 2 , 8-dimethylamino-5- t-butyl-10 , 10- 
dimethyl-10-dihydroanthracenes (compound III) and 
their absorption spectra. 



D5 describes 2 , 8 -dimethylamino-5 -hydroxy- 10 , 10- 
dimethyl-9 , 10-dihydroanthracenes (compound XIV) and 
their absorption spectra. 

D6 describes the production of compounds of Formula 

1 by reacting a compound of Formula II with a 
compound of Formula III (in which y is a sulpho 
group) and oxidising it to produce the dye I (page 

2 658, penultimate paragraph) . 

None of those documents describes the use of the 
compounds of Formula I as marking groups. Claims 1-3 
therefore meet the requirements of PCT Article 
33 (2) . 

No document describes the compounds as per Claims 4- 
13. Claims 4-13 therefore meet the requirements of 
PCT Article 33 (2) . 

No document describes the claimed method for 
producing compounds of Formula I, characterised in 
that a compound of Formula II is reacted with a 
compound of Formula III and oxidised to produce the 
dye I. Claims 14-19 therefore meet the requirements 
of PCT Article 33(2) . 
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4 . Inventive step 

Dl and D2 describe compounds with a rhodamine-like 
structure that can be used as markers . 

The present invention can therefore be considered to 
address the problem of providing new fluorescence 
dyes for use as marking groups in analytical 
chemistry, medicine and biology with an absorption 
maximum in the range of cost-effective light 
sources, for example 633 nm HeNe laser and 670 nm 
laser diodes. The applicant shows in Table 1 that 
the new dyes have a fluorescence maximum between 
about 63 0 and 680 nm and that they can be linked to 
biological compounds (page 30, sentence 10 - page 
31) . 

The claimed dyes are not described in the available 
prior art as marking substances, nor can they be 
derived therefrom. The subject matter of Claims 1-13 
therefore meets the requirements of PCT Article 
33 (3) . 

The prior art closest to Claims 14-19 is represented 
by D6 . The present invention can therefore be 
considered to address the problem of devising a new 
production method for dyes of Formula I. The use of 
4-dimethylaminobenzylalcohol and of a catalyst, 
instead of dimethyl aminobenzylsulf anilic acid, 
cannot involve an inventive step because the use of 
4-dimethylaminobenzylalcohol was already known from 
D6 . A person skilled in the art would expect that 
good yields would be obtained in the presence of a 
suitable catalyst. 
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Furthermore, it is not possible to see what feature 
is common to the use of known compounds and to the 
production of these known compounds and could 
therefore establish the unity of the invention. 
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VII. Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 



The term * 4-diaminomethylphenyl" in Claim 4 should read 
* 4-dimethylaminophenyl" . 
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PCT 



INTERNATIONAL^ VORLAUFIGER PRUFUNGSBERICHT 

(Artikel 36 und Regel 70 PCT) 



Aktenzeichen des Anmelders oder Anwalts 
19807P WO 


siehe Mitteilung uber die Obersendung des intemationalen 
WE1TERES VORGEHEN vorlaufigen Prufungsberichts (Formblatt PCT/1PEA/416) 


Internationales Aktenzeichen 
PCT/EP00/03568 


I nternationales Anmeldedatum (T ag/Monat/Jahr) 
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Prioritatsdatum (Tag/Monat/Tag) 
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Internationale Patentklassifikation (IPK) Oder nationale Klassifikation und IPK 
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1 Dieser internationale vorlaufige Prufungsbericht wurde von der mit der intemationalen vorlaufigen Prufung beauftragten 
Behorde erstellt und wird dem Anmelder gemaB Artikel 36 ubermitteit. 



2. Dieser BERICHT umfaBt insgesamt 7 Blatter einschlieBlich dieses Deckblatts. 

S AuBerdem liegen dem Bericht AN LAG EN bei; dabei handelt es sich urn Blatter mit Beschreibungen, Anspruchen 
und/oder Zeichnungen, die geandert wurden und diesem Bericht zugrunde liegen, und/oder Blatter mit vor dieser 
Behorde vorgenommenen Berichtigungen (siehe Regel 70.16 und Abschnitt 607 der Verwaltungsrichtlinien zum PCT). 

Diese Anlagen umfassen insgesamt 6 Blatter. 



3. Dieser Bericht enthalt Angaben zu folgenden Punkten: 

I S Grundlage des Berichts 
PrioritSt 

Keine Erstellung eines Gutachtens uber Neuheit, erfinderische Tatigkeit und gewerbliche Anwendbarkeit 
Mangelnde Einheitlichkeit der Erfindung 

BegrOndete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der erfinderischen Tatigkeit und der 
gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 

Bestimmte angefuhrte Unterlagen 

Bestimmte Mangel der intemationalen Anmeldung 

Bestimmte Bemerkungen zur intemationalen Anmeldung 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


□ 



Datum der Einreichung des Antrags 
08/11/2000 


Datum der Fertigstellung dieses Berichts 
30.07.2001 


Name und Postanschrift der mit der intemationalen vorlaufigen 
Prufung beauftragten Behorde: 

Europaisches Patentamt 
/jnH D-80298 Munchen 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 


Beyollmachtigter Bediensteter z^^^***^ 
Bakboord, J (C ^ jj 

Tel. Nr. +49 89 2399 21 68 
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INTERNATIONALER VORLAUFIGER 
PRUFUNGSBERICHT 



I ntemationales Aktenzeichen PCT/E POO/03568 



I. Grundlage des Berichts 

1. Hinsichtlich der Bestandteile der internationalen Anmeldung {Ersatzblatter, die dem Anmeldeamt auf eine 
Aufforderung nach Artikel 14 hin vorgelegt wurden, gelten im Rahmen dieses Berichts als "ursprunglich 
eingereicht" und sind ihm nicht beigefugt, weii sie keine Anderungen enthaiten (Regeln 70. 16 und 70.17)): 
Beschreibung, Seiten: 

1.2.4- 16,18-31 ursprungliche Fassung 

317 eingegangen am 07/05/2001 mit Schreiben vom 07/05/2001 

Patentanspruche, Nr.: 

2.3.5- 13,15-19 ursprungliche Fassung 

1,4,14 eingegangen am 07/05/2001 mit Schreiben vom 07/05/2001 

Zeichnungen, Blatter: 

1/3-3/3 ursprungliche Fassung 



2. Hinsichtlich der Sprache: Alle vorstehend genannten Bestandteile standen der Behorde in der Sprache, in der 
die international e Anmeldung eingereicht worden ist, zur Verfugung Oder wurden in dieser eingereicht, sofern 
unter diesem Punkt nichts anderes angegeben ist. 

Die Bestandteile standen der Behorde in der Sprache: zur Verfugung bzw. wurden in dieser Sprache 
eingereicht; dabei handelt es sich um 

□ die Sprache der Ubersetzung, die fur die Zwecke der internationalen Recherche eingereicht worden ist (nach 
Regel 23.1(b)). 

□ die Veroffentlichungssprache der internationalen Anmeldung (nach Regel 48.3(b)). 

□ die Sprache der Ubersetzung, die fur die Zwecke der internationalen vorlaufigen Prufung eingereicht worden 
ist (nach Regel 55.2 und/oder 55.3). 

3. Hinsichtlich der in der internationalen Anmeldung offenbarten Nucleotid- und/oder Aminosauresequenz ist die 
internationale vorlaufige Prufung auf der Grundlage des Sequenzprotokolls durchgefuhrt worden, das: 

□ in der internationalen Anmeldung in schriftlicher Form enthaiten ist. 

□ zusammen mit der internationalen Anmeldung in computerlesbarer Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist. 

□ Die Erklarung, daB das nachtraglich eingereichte schriftltche Sequenzprotokoll nicht uber den 
Offenbarungsgehalt der internationalen Anmeldung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt. 
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□ Die Erklarung, daB die in computerlesbarer Form erfassten Informationen dem schriftlichen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 

4. Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 

□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 

5. □ Dieser Bericht ist ohne Berucksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den 

angegebenen Grunden nach Auffassung der Behorde uber den Offenbarungsgehalt in der ursprunglich 
eingereichten Fassung hinausgehen (Regel 70.2(c)). 

(Auf Ersatzblatter, die solche Anderungen enthalten, ist unter Punkt 1 hinzuweisen;sie sind diesem Bericht 
beizufugen). 



6. Etwaige zusatzliche Bemerkungen: 



V. Begrundete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der erfinderischen Tatigkeit und der 
gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 



1. Feststellung 



Neuheit (N) 

Erfinderische Tatigkeit (ET) 
Gewerbliche Anwendbarkeit 



Ja: Anspruche 1-19 
Nein: Anspruche 

Ja: Anspruche 1-13 

Nein: Anspruche 14-19 

Ja: Anspruche 1-19 
Nein: Anspruche 



2. Unterlagen und Erklarungen 
siehe Beiblatt 



VII. Bestimmte Mangel der internationalen Anmeldung 

Es wurde festgestellt, daB die internationale Anmeldung nach Form Oder Inhatt folgende Mangel aufweist: 
siehe Beiblatt 
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V Begrundete Feststellung nach Art ike I 35(2) hinsichtlich der Neuheit, der 
erfinderischen Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen 
und Erklarungen zur Stutzung dieser Feststellung 

V.1 Diese Erfindung betrifft die Verwendung von Carbopyroninverbindungen als 
Markierungsgruppen in Verfahren zum Nachweis von Analyten, neue 
Carbopyroninverbindungen und ein Verfahren zur Herstellung dieser 
Verbindungen. 

V.2.1 Es wird auf die folgenden Dokumente verwiesen: 

EP-A-0 543 333 
US-A-5 366 860 

C. AARON AND C.C. BARKER: 'Steric Effects in Di- and Tri- 
arylmethane Dyes. Part X.' JOURNAL OF THE CHEMICAL SOCIETY, 
SECTION B: PHYSICAL ORGANIC CHEMISTRY., Nr. 2, 1971, Seiten 
319-324. 

G. HALLAS: 'Electronic Absorption Spectrum of the alpha-1-Adamantyl 
Derivative of Michler's Hydrol Blue' JOURNAL OF THE CHEMICAL 
SOCIETY, SECTION B: PHYSICAL ORGANIC CHEMISTRY., Nr. 1, 
1967, Seiten 91-92. 

R.W. CASTELINO AND G. HALLAS: 'Electronic Absorption Spectra of 
Some Analogues and Derivatives of Michler's Ketone' JOURNAL OF 
THE CHEMICAL SOCIETY, SECTION B: PHYSICAL ORGANIC 
CHEMISTRY., Nr. 7, 1971, Seiten 1468-1471. 

V.2.2 Das Folgende Dokument wurde von dem Anmelder in der Beschreibung 
zitiert. Die Numerierung wird auch im weiteren Verfahren beibehalten 

D6: C. AARON AND C.C. BARKER: 'Steric effects in Di- and Tri- 
arylmethanes. Part VIII. Electronic Absorption Spectra of Planar 
Derivatives of Michler's Hydrol Blue.' JOURNAL OF THE CHEMICAL 
SOCIETY, 1963, Seiten 2655-2662. 

V.3 Neuheit 



D1 
D2 
D3 



D4: 



D5: 
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Dokument D1 beschreibt pentacyclische Verbindungen mit einer Rhodamin- 

ahnlichen Struktur, die als Marker eingesetzt werden konnen. 

Dokument D2 beschreibt Rhodamin-Farbstoffe, die als Marker eingesetzt werden 

konnen. 

Dokument D3 beschreibt 2,8-Dimethylamino-5-(o-tolyl)-10,10-dimethyl-10- 
dihydroanthracene (Verbindung II, Tabelle 1, R 1 =R 2 =H, R 3 =Me), 2,8- 
Dimethylamino-5-(p-tolyl)-10,1 0-dimethyl-10-dihydroanthracene (Verbindung II, 
Tabelle 1, R 1 =Me R 2 =R 3 =H), 2,8-Dimethylamino-5-(2-tButylphenyl)-10,10- 
dimethyl-10-dihydroanthracene (Verbindung II, Tabelle 1, R 1 =tBu, R 2 =R 3 =H), 2,8- 
Dimethylamino-5-(2-dimethylaminophenyl)-10,10-dimethyl-10-dihydroanthracene 
(Verbindung II, Tabelle 2, R 1 =R 2 =H, R 3 =NMe 2 ), 2,8-Dimethylamino-5-t-butyl- 
10,10-dimethyMO-dihydroanthracene (Verbindung VI, R 1 =tBu, R 2 =Me)(Seite 321, 
erste Spalte, Zeile 27), 2,8-Dimethylamino-5-isopropyl-10,10-dimethyl-10- 
dihydroanthracene (Verbindung VI, R 1 =iPr, R 2 =Me) (Seite 321, erste Spalte, Zeile 
29-30), 2,8-Dimethylamino-5-(p-dimethylaminobenzene)-1 0, 1 0-dimethyl-1 0- 
dihydroanthracene (Verbindung VI, R 1 =p-Me 2 -C 6 H 4 , R 2 =Me) (Seite 321 , erste 
Spalte, Zeile 47) und ihre Absorptionsspektren. 

Dokument D4 beschreibt 2,8-Dimethylamino-5-t-butyl-10,10-dimethyl-10- 
dihydroanthracene (Verbindung III) und deren Absorptionsspektrum. 
Dokument D5 beschreibt 2,8-Dimethylamino-5-hydroxy-10,10-dimethyl-9,10- 
dihydroanthracene (Verbindung XIV) und deren Absorptionsspektrum. 
Dokument D6 beschreibt die Herstellung von Verbindungen gemaB Formel I, 
wobei eine Verbindung der Formel II mit einer Verbindung der Formel III (worin y 
eine Sulfogruppe ist) reagiert wird, und oxydativ zum Farbstoff I umgesetzt wird. 
(Seite 2658 vorletzter Absatz) 

Die Verwendung von Verbindungen der Formel I als Markierungsgrupen ist in 
keinem dieser Dokumente beschrieben. Die Anspruche 1-3 erfullen somit die 
Erfordernisse des Artikels 33(2) PCT. 

Verbindungen nach Anspruch 4-13 sind in keinem Dokument beschrieben. Die 
Anspruche 4-13 erfullen somit die Erfordernisse des Artikels 33(2) PCT. 

Das anmeldungsgemaBe Verfahren zur Herstellung von Verbindungen der Formel 
1 welches dadurch gekennzeichnet ist, da(3 man eine Verbindung der Formel II 
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mit einer Verbindung der Formell III reagieren la(3t und oxydativ zum Farbstoff I 
umsetzt ist in keinem Dokument beschrieben. Die Anspruche 14-19 erfullen daher 
die Erfordernisse des Artikels 33(2) PCT. 

V.4 Erfinderische Tatigkeit 

Die Dokumente D1 und D2 beschreiben Verbindungen mit einer Rhodamin- 
ahnlichen Struktur, die als Marker eingesetzt werden konnen. 

Die mit der vorliegenden Erfindung zu losende Aufgabe kann somit darin gesehen 
werden, neue Fluoreszenzfarbstoffe zur Verwendung als Markierungsgruppen in 
der chemischen, medizinischen und biologischen Analytik bereitzustellen, wobei 
das Absorptionsmaximum in Bereich von kostengunstigen Lichtquellen liegen 
sollte, zum Beispiel HeNe Laser 633 nm und Laserdioden 670 nm. 
Die Anmelderin zeigt in Tabelle 1 , daB die neuen Farbstoffe ein 
Fluoreszenzmaximum zwischen ca. 630 und 680 nm haben und daB sie mit 
biologischen Verbindungen verknupft werden konnen (Seite 30, Satz 10- Seite 
31)- 

Die Farbstoffe der AnmeldungsgemaBen Erfindung sind im zur Verfugung 
stehenden Stand der Technik weder als Markierungsstoffe vorbeschrieben noch 
daraus ableitbar. Der Gegenstand der Anspruche 1-13 erf Gilt daher die 
Erfordernisse des Artikels 33(3) PCT. 

Die nachste Stand der Technik fur Anspruche 14-19 wird durch Dokument D6 
reprasentiert. Die mit der vorliegende Erfindung zu losende Aufgabe kann somit 
darin gesehen werden, eine neue Herstellung fur Farbstoffe gemaB Formel I 
bereitzustellen. Die Anwendung von 4-Dimethylaminobenzylalkohol und die 
Anwendung eines Katalysators statt die Anwendung von 
Dimethylaminobenzylsulfanilsaure kann nicht auf einer Erfinderischen Tatigkeit 
beruhen weil aus Dokument D6 bereits bekannt war daB 4- 
Dimethylaminobenzylalkohol angewendet werden kann. Das jetzt im Gegenwart 
eines geeigneten Katalysators gute Ausbeuten erhalten werden, wurde der 
Fachmann erwarten. 

Daruber hinaus ist nicht ersichtlich, welches Merkmal der Verwendung bekannter 
Verbindungen und anderseits der Herstellung dieser bekannten Verbindungen 
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gemeinsam ist und somit deren Einheitlichkeit herstellen konnte. 

VII Bestimmte Mangel der internationalen Anmeldung 

Der Ausdruck '4-diaminomethylphenyl in Anspruch 4 soil '4-dimethylaminophenyr 
sein. 
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vorzugsweise ausgewahlt aus Halogenen, Hydroxy-, Amino-, Sulfo-, Phos- 
pho-, Carboxy-, Aldehyd-, C^C^AIkoxy- oder/und C^C^AIkoxycarbonyl- 
gruppen, enthalten, oder auch R B und R 8a ein Ringsystem bilden konnen, 
R 9 , Ric Rn unc ' Ri2i ewe ' ,s unabhangig Wasserstoff oder eine gesattigte 
5 oder ungesattigte, geradkettige, verzweigte oder cyclische Kohlenwasser- 
stoffgruppe mit bis zu 20 C-Atomen, z.B. Polyether, Phenyl, Phenylalky! 
mit 1-3 C-Atomen in der Kette bedeuten, wobei die Kohienwasserstoff- 
gruppen gegebenenfalls Heteroatome wie Sauerstoff-, Schwefel- oder 
Stickstoffatome oder/und einen oder rnehrere Substituenten, vorzugsweise 
10 ausgewahlt aus Halogenen, Hydroxy-, Amino-, Sulfo-, Phospho-, 

Carboxy-, Carbonyl-, Alkoxy- oder/und Alkoxycarbonylgruppen enthalten 
konnen, 

oder einer oder rnehrere der Reste R 9 -R 12 jeweils mit benachbarten Substi- 
tuenten ein Ringsystem bilden, das eine oder rnehrere Mehrfachbindungen 
is enthalten kann, 

wobei -N(R U )(R 12 ) oder/und =(R 9 )(R 10 ) durch -OR 9 oder/und =0 ersetzt 
sein konnen, 

und X gegebenenfalls zum Ladungsausgleich vorhandene Anionen 
bedeutet. 

20 

Die Verbindungen der allgemeinen Forme! (I) konnen als Markierungsgrup- 
pen in Verfahren zur qualitativen oder/und quantitativen Bestimmung eines 
Analyten eingesetzt werden. Diese Bestimmung kann in wassrigen Flussig- 
keiten, z.B. Proben von Korperflussigkeiten wie etwa Blut, Serum, Plasma 

25 oder Urin, Abwasserproben oder Lebensmitteln, durchgefuhrt werden. Das 
Verfahren kann sowohl als NaBtest, z.B. in einer Kiivette, oder als Trocken- 
test auf einem entsprechenden Reagenztrager durchgefuhrt werden. Die 
Bestimmung des Analyten kann hierbei mittels einer einzigen Reaktion oder 
durch eine Sequenz von Reaktionen erfolgen. Uberraschenderweise zeigte 

30 die Verwendung von Verbindungen der allgemeinen Formel (I) sehr gute Er- 
gebnisse in chemischen und insbesondere in medizinischen und bio- 
logischen Nachweisverfahren zur Bestimmung eines Analyten, spezieil in 
Nukleinsaure-Sequenzierverfahren sowie in der Proteinanalytik. 
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worin R 5 , R 6 , R 7 , R 8 , R 8a / R n und R 12 wie oben definiert sind, oder das De- 
hydratationsprodukt von II mit einer Verbindung der allgemeinen Formel III 



in einem geeigneten Losungsmittel, unter sauren Bedingungen und in 
Gegenwart eines Kataiysators umsetzt und die durch RingschluB zwischen 
den Verbindungen II bzw. deren Dehydratationsprodukt und III gebildete 
Verbindung durch Oxidation zu Struktur I umsetzt^ 

In dem Verfahren konnen alle geeigneten Losungsmittel verwendet werden, 
die mit den Edukten, den Produkten und dem Katalysator, vorzugsweise 
Bortrichlorid, kompatibel sind. Vorzugsweise ist das Losungsmittel ein 
unpolares Losungsmittel, insbesondere Methylenchlorid, 1 ,2-Dichlorethan 
oder Chloroform. 

Als Sauren konnen gebrauchliche Sauren eingesetzt werden. Vorzugsweise 
ist die Saure eine anorganische Saure wie Schwefelsaure, Phosphorsaure 
oder Polyphosphorsaure. 



Y — C 




III 



worin R r R 4f R 9 und R 10 wie oben definiert sind und 

Y ein Halogen, insbesondere Brom, eine Hydroxy- oder Thiogruppe bedeu- 



tet, 



GEAENDERTES BLATT 



07-05-2001 





EP 000003568 

0?. Mai mm 



1 



neue Anspruche 1, 4 und 14 



1. Verwendung von Verbindungen der ailgemeinen Formel I 




f?5 *?+ ?3 



R 



als Markierungsgruppen in einem Verfahren zum. Nachweis eines 
Analyten, wobei 

Rt, R 2 , Rz> R 5* R e* und R 7 jeweils unabhangig Wasserstoff, Halogen, 
eine Hydroxy-, Amino-, Sulfo- oder Carboxy- oder Aldehydgruppe oder 
eine gesattigte oder ungesattigte, geradkettige, verzweigte oder 
cyciische Kohlenwasserstoffgruppe mit bis zu 20 C-Atomen bedeuten, 
wobei die Kohlenwasserstoffgruppen Alkyl-, Alkenyl-, Alkinyl-, 
Cycloalkyl-, Aryl-, insbesondere Phenyl-, oder/und Heteroarylreste 
umfassen und gegebenenfalls Heteroatome wie Sauerstoff-, Schwefel- 
oder Stickstoffatome oder/und mehrere Substituenten, vorzugsweise 
ausgewahlt aus Halogenen, Hydroxy-, Amino-, Sulfo-, Phospho-, 
Carboxy-, Aldehyd-, CVCVAIkoxy- oder/und CVCVAIkoxycarbonyl- 
gruppen enthalten, 

oder einer oder mehrere der Reste R^Ry jeweils mit benachbarten 
Substituenten ein Ringsystem bilden, das eine oder mehrere 
Mehrfachbindungen enthalten kann r 

R B und R 8a jeweils unabhangig eine gesattigte oder ungesattigte, 
geradkettige, verzweigte oder cyciische Kohlenwasserstoffgruppe mit bis 
zu 20 Kohlenstoffatomen, z.B. eine C^Cg-Aikylgruppe, insbesondere 
Methyl, Ethyl, Propyl oder/und Butyl, oder eine Aryl- oder Heteroaryl- 
gruppe, insbesondere Phenyl, bedeuten, die gegebenenfalls Heteroatome 
wie Sauerstoff-, Schwefel- oder Stickstoffatome oder/und einen oder 
mehrere Substituenten, vorzugsweise ausgewahlt aus Halogenen, 
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Hydroxy-, Amino-, Sulfo-, Phospho-, Carboxy-, Aldehyd-, C^CVAIkoxy- 
oder/und C r C 4 -Alkoxycarbonylgruppen, enthalten, 
oder auch R 8 und R 8a ein Ringsystem biiden konnen, 
R 9 , R10/ R ii und R i2 jeweils unabhangig Wasserstoff oder eine gesattigte 
oder ungesattigte, geradkettige, verzweigte oder cyclische 
Kohlenwasserstoffgruppe mit bis zu 20 C-Atomen, z.B. Polyether, 
Phenyl, Phenylalkyl mit 1-3 C-Atomen in der Kette bedeuten, wobei die 
Kohienwasserstoffgruppen gegebenenf alls Heteroatome wie Sauerstoff-, 
Schwefel- oder Stickstoffatome oder/und einen oder mehrere 
Substituenten, vorzugsweise ausgewahlt aus Halogenen, Hydroxy-, 
Amino-, Sulfo-, Phospho-, Carboxy-, Carbonyl-, Alkoxy- oder/und 
Alkoxycarbonylgruppen enthalten konnen, 

oder einer oder mehrere der Reste R 9 - R u jeweils mit benachbarten 
Substituenten ein Ringsystem biiden, das eine oder mehrere 
Mehrfachbindungen enthalten kann, ; 
wobei -N(R 11 )(R 12 ) oder/und =N(R 9 )(R 10 ) durch -OR 9 oder/und =Oersetzt 
sein konnen, 

und X gegebenenfalls zum Ladungsausgleich vorhandene Anionen 
bedeutet. 

Verbindungen der allgemeinen Formel 1 



wobei Rt-Ri2 und X die in Anspruch 1 angegebenen Bedeutungen 



und R a , R 8a und R 9 -R 12 Methyl sind, 

R 4 nicht Wasserstoff, Hydroxyl, Methyl, Isopropyl, t-Butyl, Phenyl, 




besitzen, mit der Ma&gabe, daS, wenn RtR 3 und R B -R 7 Wasserstoff sind 
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o-Tolyl, p-Tolyl, 2,6-Dimethylphenyl, 2-t-Butylphenyl, 2-lsopropenyl- 
phenyl oder 4-Diaminomethylphenyl ist. 

1 4. Verfahren zur Herstellung von Verbindungen der ailgemeinen Forme! I 




wobei Rt-R 12 und X die in Anspruch 1 angegebenen Bedeutungen 
besitzen, 

dadurch gekennzeichnet, 

daft man eine Verbindung der ailgemeinen Formel II 




worin R 5 , R 6 , R 7 , R 8 , R aa/ R n , R 12 wie in Anspruch 1 definiert sind, oder 

das Dehydratationsprodukt von II 

mit einer Verbindung der ailgemeinen Formel III 
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4 



worin R^R^ R 9 und R 10 wie in Anspruch 1 definiert sind und Y ein 
Halogen, insbesondere Brom, eine Hydroxy- oder Thiogruppe bedeutet, 
in einem geeigneten Losungsmittel, unter sauren Bedingungen und in 
Gegenwart eines Katalysators umsetzt und die durch Ringschlufc 
zwischen der Verbindung II oder deren Dehydratationsprodukt und der 
Verbindung III gebildete Verbindung durch Oxidation zum Farbstoff I 
umsetzt. 
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OPTICAL FILTERING ELEMENT 



10 



15 



20 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to optical filtering elements 
and is more particularly concerned with optical lens ele- 
ments including transparent fluorescent materials, which 
elements absorb visible radiation of certain wavelengths 
and emit and transmit radiation at longer, but also 
visible, wavelengths without scattering and/or reflecting 
substantial amounts of radiation. 

Description of the Prior Art 

Ordinary radiant energy, such as that provided by 
the sun, is normally grouped into three regions, the near 
ultraviolet (about 300-400nm) f the visible (about 400- 
700 nm) and the near infrared (about 700-4000nm) . Many 
types of optical filtering elements are provided for vari- 
ous purposes, but by far, the most common type of optical 
filtering element used with these wavelengths is that 
utilized in a sunglass lens. An important requirement for 
sunglass lenses is that they absorb significant amounts of 
visible radiation. Natural daylight or sunlight includes 
a nearly uniform distribution of light energy over the 
visible region. Absorption of, or reduction in, the 
transmission of visible light has been achieved, for 
example, by the use of lens systems employing various 
dyes, opacifiers (such as dyes and thin metal coatings) 
and/or polarizing materials, either alone or in various 
combinations . 
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Dyes which absorb transversing light well in the 
visible portion of the spectrum have been used in optical 
systems, including sunglass lenses. The primary criterion 
for selection of such dyes has been their ability to absorb 
5 broad bands of radiation energy with minimal alteration of 
the spectral distribution of the radiation. However, the 
desired decrease of light intensity which is provided by 
dyes which produce broad band visible radiation absorption 
can have the detrimental effect of lessening color percep- 

10 tion and visual acuity. Such prior art dyes have not been, 
known to be capable of providing multiple band re-emission 
or fluorescence of the absorbed radiation which is why 
they lessen color perception. 

Certain optical systems utilizing fluorescent dyes are 

15 known. So-called "aura" glasses have utilized unstable 
spectral sensitizing fluorescent material, such as 
pinacyanol bromide, but have no practical visual utility 
as sunglasses as the fluorescent material is unstable and 
the thickness of the fluorescent layer is such that light 

20 falling on them is reflected as fluorescent radiation. 
• In laser systems, certain fluorescent dyes in a liquid 

solution or carrier, have been utilized in optical elements 
to produce lasing effects. Such dye systems are required 
to be liquid in order to be pumped or replenished. Other 

25 laser systems utilizing fluorescent dyes in solid optical 
elements have been provided as a part of a waveguide struc- 
ture to receive lateral, as opposed to transversing light. 

Dyes which absorb visible radiation and fluoresce in 
the visible spectrum are generally chemically unstable 

30 and subject to photodegradation , for example, in sunlight. 
Therefore, such fluorescent . dyes have not normally been 
thought of as being suitable for use as energy absorbing 
dyes in sunglasses. Additionally, the utility of many 
fluorescent dyes, whether stable or not, is diminished, 

35 in a practical sense, by their transmission characteristics 
in the visible region. Only a limited number of fluores- 
cent dyes or combinations of fluorescent dyes, display the 
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broad absorption and emission characteristics needed for 
* a useful filtering lens in the visible radiation region. 

It has now been determined, experimentally, that even 
when stable fluorescent dyes are used in sunglasses, that 
5 they surprisingly and unexpectedly are unsatisfactory for 
normal human wear and use because they reflect a distaste- 
ful fluorescent glow, often in a harsh red color. 

Also in the prior art, U. S. Patent 3,426,212 discloses 
systems for substantially modifying the wavelengths of 

10 radiation, consisting of at least two layers, each layer 

containing fluorescent substances which fluoresce at differ- 
ent wavelengths, so that light transmitted and fluoresced 
to a different wavelength by one layer impinges on the 
second layer which further fluoresces and further modifies 

15 the wavelength, the two wavelength modifications generally 
being in the same direction. The systems disclosed by this 
reference are not intended for human eye wear and indicate 
no knowledge of or concern for fluorescent glare or critical 
minimum thicknesses to avoid such glare. 

20 U. S. Patent 3,214,382 discloses an optical system 

including phosphorescent material, but does not teach the 
use of fluorescent material in such a system. 

U. S. Patent 2,113,973 discloses a fluorescent layer 
including unstable rhodamine B which is somewhat protected 

25 from decomposition by use of a light filter which absorbs 
much of the radiation which causes decomposition. The 
systems taught by this reference are intended only for 
fluorescent reflection and not for light transmission. The 
reference indicates no intended use for human eye wear and 

30 indicates no knowledge of or concern for fluorescent glare 
or critical minimum thickness to avoid such glare. 

Of other interest, although non-anticipatory of the 
present invention, are 0. S. Patents 2,498,593; 2,386,855 
and 2,851,423, Canadian Patent 504,529; United Kingdom 

35 569,920; Shah, J. et. al, "Excited-State Absorption Spec- 
trum of Cresyl Violate Perchlorate, " Appl. Phys. Lett ., 
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24(11), pp. 562-564 (June, 1974) and Chenu Abstracts, 85: 
114369n, Drexhage, K. et.al, "New Highly Efficient Laser 
Dyes." 

SUMMARY OF THE INVENTION 
5 In accordance with the practice of the present inven- 

tion novel transparent optical filtering elements are 
provided which include thin layers of stable fluorescent 
materials. In preferred embodiments the elements both 
absorb and emit visible radiation by transmission. Such 

10 optical elements are ideally suited for use as sunglasses, 
but can also be utilized in ski goggles, underwater lenses, 
greenhouse windows, welders 1 goggles, and in optical sys- 
tems including cameras, projectors, enlargers, photocopying 
systems, microscopes, binoculars, and telescopes. Addi- 

15 tionally, they can be utilized in any optical system in 
which optical filtering or absorption of a portion of the 
visible spectrum is required. 

In the preferred practice of the present invention, 
extremely stable fluorescent dyes, including the oxazine, 

20 carbopyronin and carbazine families of dyes, are utilized 
to provide the desired absorption and emission of trans- 
mitted light. 

In operation, when visible electromagnetic radiation 
traverses an optical element including a thin layer or 

25 coating of fluorescent material, the radiation is not 
primarily scattered, reflected as fluorescent light or 
glare, nor distorted by the fluorescent material. Rather 
if the thickness of the fluorescent layer is properly 
selected, say 1 mil (0.0254 mm) or less, the radiation 

30 enters at one side and is absorbed to a greater or lesser 
degree by the fluorescent material and then re-emitted at 
the opposite side at a different but longer visible wave- 
length. This absorption and emission reduces the energy 
of the transversing light. Thus, fluorescent materials 

35 reduce light intensity and emitted light which appears to 
be transmitted light shifted slightly, yet significantly, 
towards longer wavelengths. However, by controlling the 
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thickness of the fluorescent layer, distasteful, harsh 
fluorescent glare and reflection is avoided. 

As is well known, fluorescence results from electrons 
in the composition absorbing energy and shifting to a 
5 higher energy state, followed almost immediately, be 

release of energy by the shifted electron and the return 
of the electron to a lower energy level or to its ground 
state. Energy released by the electron as it returns to 
lower energy levels is at a different, but longer, visible 
10 radiation wavelength than the wavelength of the energy 
absorbed. 

In the practice of the present invention it is 
especially desirable that the fluorescent materials 
utilized in the thin non-reflective layer be stable and 

15 have a high quantum efficiency so that a significant 
percentage of the excited electrons return to their 
ground state with emission of visible longer wavelength 
radiation. An optical system employing at least one layer 
or thin film including at least one fluorescent material 

20 will emit one or more fluorescent radiation band which 
appears to be transmitted light upon its exposure to 
and absorption of visible light. 

Surprisingly, it has been determined that optical 
elements prepared in accordance with the teaching of the 

25 present invention serve not only as excellent absorbers 

of visible radiation, such as sunlight, but, unexpectedly, 
also serve to increase a user's color perception, 
spectral sensitivity and acuity over that experienced 
with prior art optical filtering elements. In those 

30 instances where it is desirable to shift the sensitivity 
maxima of the eye to longer or shorter wavelengths than 
normal, the optical elements of the present invention 
provide that facility. It has also been discovered 
that such shifts are useful for increasing visual acuity 

35 in fields of vision which normally reflect light in 

only a narrow region of the visible spectrum, such as a 
bright sky. At the same time such systems can avoid the 
appearance of harsh distasteful fluorescent glare by 
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controlling the thickness of the fluorescent layer. 

In the practice of the present invention, the 
optical elements may be composed of various optically 
suitable plastics, or they may be composed primarily of 

5 glass, or other vitreous material. Included among the 

useful optical plastics are thermoplastic synthetic resins, 
including methyl methacrylate and related acrylic resins, 
ppolystyrene, styrene-acrylonitrile, polycarbonates, 
vinyl resins such as polyvinyl butyral, ionomers and 
10 monochlorotrifluoroethylene resins, cellulose derivatives, 
including cellulose acetate, cellulose nitrate, ethyl cel- 
lulose acetate butyrate. In some instances, thermo- 
setting resins, including allyl cast plastics such as the 
common optical material allyl diglycol carbonate, certain 

15 epoxies and polyester resins may be used. 

In the practice of the present invention, the fluor- 
escent material is associated with the optical element by 
a variety of means* In some embodiments fluorescent 
material is coated as a thin layer, preferably 1 mil or 

20 less in thickness on the optical element either as a wash 
solution from a solvent or as a coating, including a suit- 
able binder. In other instances, the fluorescent material 
is included in a discrete film. Such a film can be used 
by itself, in the practice of the present invention, or 

25 the film may be associated with another optical element, 
for example, by binding it to the element, resolving it 
to a plastic element, heat forming it in association 
with other portions of an optical element or laminating 
it in association with one or more portions of an optical 

30 element. In any case, the fluorescent material is pre- 
sent as a thin layer or coating, preferably 1 mil or less 
in thickness to eliminate or minimize fluorescence observed 
by reflected light, distasteful light scattering and 
glare observed in films and coatings exceeding 1 mil in 

35 thickness. 

Where the fluorescent material is dichroic, it is 

possible for the material to provide the dual function of 

fluorescence and polarization. This is accomplished by, 

\ ; / f ; ; <T^ v 
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for example, forming a transparent, linear, polymeric 
plastic sheet in which the dichroic fluorescent material 
is dispersed, rendering the sheet elastic, extending and 
then setting the sheet. 
5 Preferred embodiments of the present invention utilize 

fluorescent dyes which are stable and are not degraded 
quickly or easily, for example, by sunlight. These include 
many stable members of the oxazine, carbazine, and carbo- 
pyronin families and stable members of other dye families, 

10 for example, Fluoral 555, stable coumarins such as 1,2,4, 
5,3H,6H,10H-tetrahydro-8-trif luoromethyl (1) benzopyrano 
(9,9a,l-gh)quinolizin-10-one and 1, 2, 4 , 5, 3H, 6H, lOH-tetra- 
hydro-9-carbethoxy (1* )benzo pyrano {9, 9a, 1-gh) quinolizin- 
10-one, the first available from Exciton Chemical Company, 

15 the latter two available from Eastman Kodak Company as 
EK #14371 and EK #14373, respectively. 

Stable and preferred fluorescent oxazines include 
cresyl violet perchlorate (5 , 9-diaminobenzo (a) phenoxazonium 
perchlorate) , nile blue A perchlorate (5-amino-9-diethyl- 

20 aminobenz a phenoxazonium perchlorate) ; and oxazine 170 
perchlorate (9-ethylamino-5 ethylamino-10-methyl-5H-benzo 
(a) phenoxazonium perchlorate), available from Eastman 
Kodak Company as EK #11884, EK. #11953 and EK #14375 

Stable fluorescent oxazine, carbazine and carbopyronin 

25 dyes which are useful in the practice of the present inven- 
tion can be represented by the following generic struc- 
tural formulas: 




WEST 



..WO81/00769 V- " PCT/US80/01198 



wherein: 

R 1 , R 2 , R5 f and R 6 each represent a member selected from 
the group consisting of a hydrogen atom; a lower alkyl 
radical; a lower alkoxy radical; a lower alkyl radical con- 
5 taining one solubilizing substituent from among the group 
-SO3H, -COOH, -0H f and -NH 2 ; and R 1 and R 1( >, R 2 and r3, 
R 5 and R^, and R& and R^ each represent a pair of atoms 
which, when taken together , represent the carbon atoms 
necessary to complete a fused 5-, 6-, or 7-membered hetero- 
10 cyclic ring; 

r3, r4, R7 f r8 f an( 3 r!0 eac h represent a member selec- 

ted from the group consisting of a hydrogen atom; a lower 
alkyl, radical; a lower alkoxy radical; an aryl group; a 
halogen atom; and R^ and R^ f and R^ and R^-0 each represent 
15 a pair of atoms which, when taken together, represent the 
carbon atoms necessary to complete a fused 5- and 6-mem- 
bered carbocyclic or heterocyclic ring; 
Z-represents an anion; 

A represents an atom selected from the group consisting of 
20 oxygen; sulfur; and selenium; 

B represents a member selected from the group consisting of 
a hydroxyl radical; a thiol radical; a selenol radical; and 
an amine radical; 

D represents a member selected from the group consisting of 
25 an oxygen atom; a sulfur atom; a selenium atom; and a car- 
bon atom with two additional substituents each being a mem- 
ber selected from the group consisting of a hydrogen atom; 
a lower alkyl radical; an alkoxy radical; a thioalkyl radi- 
cal; C-l and C-5 of 3-oxo-l, 4-pentadiene; and C-2 and C-6 
30 of 4-oxo-3, 5-dimethyl-2, 5-heptadiene; 

E represents a member selected from the group consisting of 
a nitrogen atom; a phosphorous atom; a carbon atom with one 
additional substituent selected from the group consisting 
of a hydrogen atom; a lower alkyl radical; a one to three 
35 ring aryl radical; a heterocyclic ring; C-2 of a benzoic 
acid radical; and C-2 on the aromatic ring of an ethyl ben- 
zoate radical. 



Specific stable fluorescent visible absorbers embraced 
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within the above formula include dyes consisting of the 
chemical compounds described by the following structural 
formulas which, for convenience, are used as representative 
of the various resonating structures of the dyes: 



5 
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wherein: 
Z- represents an anion; 
5 Y+ represents a cation. 




The stable compounds of Formulas I and II have been 
found to possess exceptionally desirable spectral absorp- 
tion and fluorescent emission characteristics. They have 
also been found to have a primary absorption maximum in the 

10 upper middle or yellow region of the visual range and also 
a secondary absorption maximum in the short end of the vis- 
ual range, primarily in the violet. Coupled with the above 
mentioned absorption maximum, there is re-emission of the 
absorbed energy at a primary, fluorescence maximum in red 

15 region of the visible, along with a secondary fluorescence 
maximum in the blue region of the visible. 

The choice of stable fluorescent materials, blends of 
stable fluorescent materials, or the combination in a sys- 
tem o'f fluorescent materials with other dyes or tints may 

_ O.VPI 
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vary in the practice of the present invention. Generally 
speaking, the present invention contemplates the inclusion 
of a thin layer including any one or more stable fluorescent 
materials in an optical filtering element. In some embodi- 
5 ments of the invention, such as in sunglasses, both the 
color of the fluorescent material and the color change 
which the fluorescent material imparts to the light trans- 
mitted through the element becomes an important considera- 
tion. In such situations in which the color characteristics 
10 of a broad portion of the spectrum are important, it is 
especially beneficial to utilize one or more dyes or tints 
in combination with the fluorescent material. Where it is 
desirable to provide color transmission and enhancement 
over the broad range of visible light, this may be accom- 
15 plished, for example, as shown in some of the following 
specific examples, by combining in the optical element sta- 
. ble fluorescent cresyl violet perchlorate, stable fluores- 
cent nile blue A perchlorate and stable Fluoral 555, a 
fluorescent yellow tinting dye. A combination of stable 
20 fluorescent materials and tints, such as this, or similar 
combinations, provide broad band absorption and fluorescent 
emission characteristics, with each of the fluorescent 
materials having specific absorption and fluorescence maxi- 
mas, and with the stable fluorescent yellow tinting dye 
25 utilized to emit light in the areas of the spectrum ab- 
sorbed, for example, by the stable fluorescent cresyl vio- 
let perchlorate and/or nile blue A perchlorate. 

Stable cresyl violet perchlorate, nile blue A perchlor- 
ate, and oxazine 170 perchlorate are especially useful in 
30 the production of optical filtering elements to be used in 
sunglasses. This is due to the fact that each gives color 
enhancement to two or more different visible wavelengths. 

Nevertheless, each of these fluorescent materials, 
when used alone in an optical element, cause an alteration 
35 in the spectral distribution of light. However, it has 
been found, that by adding a stable fluorescent yellow or 
green tint to optical filtering elements, including one 
or more of these stable fluorescent materials, the spectral 
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distribution is restored to a high degree of normality. 
Therefore, although dye blending and tinting is not re- 
quired by the present invention, it is of value in pre- 
ferred applications, such as sunglasses for human use. At 
5 the same time, such sunglasses avoid harsh and distasteful 
fluorescent glare by controlling the thickness of the 
fluorescent layer. 

In the use of the dyes and binders, virtually any non- 
interfering solvent suitable for the dye and binder may be 

10 utilized. In practice, the most practical method of dis- 
solving the stable dyes may be to dissolve them in solvents 
such as dimethylformamide, followed by dilution with the 
solvent of choice for the binder system. Other solvents 
having utility for the stable dyes include, but are not 

15 limited to, isobutyl alcohol, acetone, diacetone alcohol, 
N-methyl-2-pyrrolidone, cellosolve, pyridine, piper idine, 
dicyclohexylcarbodiimide, dimethyl sulfoxide, ethanol, ethy- 
lene glycol, isopropanol, methanol, methyl ethyl ketone, 
toluene., xylene and 1-formyl piper idine. 

20 Where desired compatable commercial surfactants, such 

as Igepal and Triton may be included in the dye solutions. 

The amount of fluorescent material utilized in the 
practice of the present invention may vary over a broad ef- 
fective range, and will vary depending upon the manner in 

25 which the fluorescent material is associated with the opti- 
cal element and the light transmission and absorption char- 
acteristics of other portions of the optical element. The 
most effective manner in which to characterize the amount 
of fluorescent material utilized in an optical filtering 

30 element is in terms of its average light transmission or 
absorption. The utility of this manner of characterization 
is due to the fact that expression of the amount of fluor- 
escent or other materials in terms of concentration may 
tend to be imprecise. This is due to the fact that light 

35 absorption and transmission is affected, not only by the 

type of dye and its concentration, but also by the thickness 
of the fluorescent material coating through which the light 
is transmitted. It is therefore the desire of the present 
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invention to provide optical filtering elements which, in 
combination with all of the portions of the element, reduce 
average visible light transmission by an amount in the range 
of about 10% to about 99%. In most preferred embodiments, 
5 such as in sunglasses, a 50% to 90% reduction in average 
light intensity is preferred. 

Stated in terms of conventional concentrations, for 
coating thicknesses in the range of about 0.0254 mm to about 
0.00001 mm, and in the absence of other light absorbing por- 

10 tions in the optical element, the fluorescent material may 
constitute as little as about 10 parts per million to as 
much as about 10,000 parts per million of a coating compo- 
sition. However, it must be remembered that the exact 
amount of dye utilized in coatings will vary in accordance 

15 with the specific dye utilized, the thickness of the fluor- 
escent material coating, and the light transmission char- 
acteristics of the other portions of the optical element. 

In the formation of the various preferred filtering 
elements, it will be appreciated that the thickness of the 

20 various coatings of the stable fluorescent dye containing 
layers is critical if harsh and distasteful reflected glare 
is to be avoided. The thickness is preferably as thin as 
possible, and normally less than 1 mil. Concentrations of 
dyes are normally as dilute as possible for reasons of econ- 

25 omy, and weight, and to minimize light scattering caused 
by the various layers and dyes. 

Many variations in the optical filtering element struc- 
ture are contemplated and included within the scope of the 
present invention. The present invention is intended to in- 

30 elude any structure in which a stable fluorescent material 
containing layer, having a thickness which avoids distasteful 
reflected glare, is incorporated or included within an opti- 
cal filtering element. Such structures include the combina- 
tion of the fluorescent material within the optical element, 

35 and the wash coating, binder coating, or laminating of the 
material to one or both surfaces of a two-sided optical ele- 
ment. Other useful structures include coating both surfaces 
of an optical element with either the same or different dyes. 
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including the variation in which either one or both of the 
dyes is fluorescent. In other modifications a fluorescent 
material containing layer may be utilized by itself or lam- 
inated between two other optical elements. The present in- 

5 vention also contemplates utilizing other art known optical 
structures and techniques. Furthermore, the utilisation of 
the fluorescent material containing optical elements of the 
present invention with other dyes, optical opacifiers and/or 
optical polarizing elements, either as a portion of an ele- 

10 ment separate from the fluorescent material, or in combina- 
tion with the fluorescent material, is contemplated by the 
present invention. However, it has been noted that when non- 
stable or impure materials are in contact with stable dyes 
the stable dyes may tend to deteriorate. 

15 In any event, the various embodiments of the present 

invention provide absorption of visible radiation for the 
purpose of decreasing overall light intensity. Depending 
upon the fluorescent material utilized, and the other non- 
fluorescent dyes, opacifiers or polarizers included in the 

20 element, the sensation of certain colors is enhanced, for 
example, in comparison to the sensation obtained using 
prior art sunglasses, at the same time that the average 
light intensity is decreased and harsh and distasteful re- 
flected glare is avoided by controlling the thickness of 

25 the fluorescent layer. 

In virtually every form used, the present invention 
provides increased color contrast in the field of vision 
and increased visual acuity in environments which normally 
have low contrast, such as snowfields or bright skies. 

30 This latter property makes the use of the present invention 
especially attractive for incorporation into sunglasses, ski 
goggles and glasses utilised by airplane pilots. It is con- 
templated that it may be desirable to produce portions of 
or whole windshields of a vehicle in accordance with the 

35 present invention. The present invention is also useful 
in some forms of microscope wherein the amount of available 
light is limited. The same quality may be utilized in op- 
tical elements utilized in binoculars and telescopes, V7hen 
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incorporated into the optical elements of photographic equip- 
ment, by selection of the fluorescent dye utilized, the 
equipment may be tuned to bring out, alter or compliment 
specific colors or combinations of colors. The optical ele- 
5 ments of the present invention may also be utilized in pro- 
jectors, photocopying devices and greenhouse windows. How- 
ever, despite all of these collateral uses, it is contem- 
plated that the broadest and most practical field of use of 
the present invention will be in sunglasses for use under 
10 conditions of natural daylight to decrease visible light in- 
tensity while at the same time avoid distasteful glaring 
appearance and preserving or increasing the color sensation 
of the user, as compared with the sensation experienced with 
prior art sunglasses. 



15 BRIEF DESCRIPTION OF THE DRAWINGS 

The various objects and features of the present inven- 
tion will be more fully understood from the following de- 
tailed description of preferred embodiments and applications 
thereof, throughout which description reference is made to 
20 the accompanying drawings, in which: 

FIG. 1 is an exaggerated diagrammatic cross-sectional 
view of one form of an optical filtering element produced 
in accordance with the teaching of the present invention. 

FIG. 2 is a partially exploded perspective view showing 
25 one means by which an optical filtering element of the 
present invention in the form of a lens may be associated 
with an eyeglass frame. 

FIGS. 3 through 12 are exaggerated diagrammatic cross- 
sectional views of other forms and modifications of the op- 
30 tical filtering element of the present invention, all of 
which may be utilized in the structure of FIG. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples show by way of illustration, and 
not by way of limitation, the preparation of optical ele- 
35 ments in accordance with the present invention. 
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Example I 

Referring to FIG. 1, one form of optical filtering ele- 
ment 2 was prepared as follows. Pure fluorescent, stable 
laser grade cresyl violet perchlorate (5, 9-diaminobenzo (a)- 



Company as Laser Dye Catalog No. 11884, was formulated direc- 
tly into a plastic carrier by dissolving 0.30 g of the fluor- 
escent dye in 5 ml dimethylf ormamide, diluting this solution 
with 5 g dimethoxyethel phthalate. The resultant solution 

10 was then added dropwise to a melted 100 g sample of cellu- 
lose acetate butyrate (CAB) on a two roll mill. After approx- 
imately three minutes of milling, the dye was completely and 
evenly dispersed throughout the CAB. Subsequently, the mix- 
ture was withdrawn from the mill and allowed to cool. 

15 A thin sheet was formed by hot pressing a portion of 

the CAB-cresyl violet perchlorate mixture between two ferro- 
type plates to a thickness of about 0.01 inches (0.254 mm). 
At this thickness, when viewed in sunlight from more than 
about 10 inches (25 cm) away, the film gave off a harsh 

20 fluorescent, almost blood red glow. When formed into a lens,, 
placed in an eyeglass frame and worn, the wearer appeared 
grotesque and unnatural due to the glow and the color of 
the lenses. However, when the sheet was calendered to pro- 
duce film element 2, just less than about 1 mil (0.0254 mm) 

25 no such fluorescent glow or color was observed from the film 
and the resulting sheet 2 was of excellent optical filtering 
quality. Examination indicated that the cresyl violet per- 
chlorate remained completely dispersed in element 2 without 
apparent crystallization, color degradation, or noticeable 

30 bleeding to the surface. Optical filtering element 2 was 
purple in color, and upon examination was found to reduce 
the average transmitted visible light by about 67%. When 
used in a "sunglass" 4 as optical lens 6, this composition 
was found to increase the color sensation of the sunglass 

35 user, especially for reds, oranges, golds and browns. An 
especially dramatic effect was apparent to users on viewing 
natural woods and normally dull red objects such as stop 
signs and lights. A natural outdoor scene viewed through 



5 phenoxazonium perchlorate) , obtained from Eastman Kodak 
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lens 6 was perceived by users as overall cool blue-white, 
with visual acuity and contrast increased in areas where 
shades of brown, brown-red, and gold-brpwn intermingled. 
The use of lens 6 to view blue objects such as the sky re- 
5 suited in the sensation to the user of a more color-rich 
environment then when the same scene was observed with the 
naked eye. This effect was particularly dramatic in in- 
creasing acuity when bright skies and scattered light clouds 
normally make it difficult to discern the sky from the 
10 clouds since lens 6 caused the blue areas of the sky to 
appear much deeper in color, thus increasing its contrast 
with the white clouds. 

Film 2, by itself, was quite fragile as lens 6 in sun- 
glass 4. For practical day use it is laminated to a rigid 
15 clear or tinted lens to provide a structure which is resis- 
tant to mechanical damage. 

It will be apparent that not only film 2, but any of 
the other following described structures can be used as lens 
6 in FIG . 2. 

20 Example II 

Another form' of optical filtering element was produced 
as follows. To a solution containing 50 ml cellosolve ace- 
tate, 50 ml acetone, and 2.5 g dissolved cellulose acetate 
butyrate was added 5 ml of a solution of 0.7 g laser grade 

25 cresyl violet perchlorate in 95 g dimethylf ormamide. Re- 
ferring to the cross-section shown in FIG. 3, which is not 
to scale, the resulting lacquer was applied by air brush as 
coating 12 having a dry thickness of about 0.001 mm to a 
clean glass optical element 14. In its preparation, coating 

30 12 was allowed to air dry for 5 minutes, and then was dried 
further by heat in an oven for 15 minutes at about 82°C. 
Resulting optical element 16 had transmissive and visual 
properties similar to the element 2 of Example I. However, 
the method of this example allows for variation in the op- 

35 tical density of the element 16 by controlling the thickness 
and concentration of coating 12 applied to glass substrate 
14. Thicknesses ranging to as little as about 0.0001 mm, 
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and less, can be obtained by this technique. However, in 
all instances, thickness of the fluorescent layer 12 is kept 
below the level at which fluorescent glow and harsh glare is 
observed. 

5 Example III 

Several different forms of optical filtering element 
were prepared from the following coating solution of fluor- 
escent material, prepared by combining 32 g diacetbne alco- 
hol, 45 g methanol, 17 g isopropanol, 6 g cellulose acetate 

10 butyrate, 0.086 g cresyl violet perchlorate, and 0.017 g 
Eastman Kodak Company Laser Products Catalogue #11953 pure, 
fluorescent, stable, laser grade nile blue A perchlorate 
(5-amino-9-diethylaminobenz (a) phenoxazonium perchlorate) . 
Referring to FIG. 4, which is not to scale, optical element 

15 22, shown in cross-section, was prepared by casting the above 
solution as layer 24 onto 0.06 inch (1.5 mm) thick polymethyl 
methacrylate sheet 26 using a standard 0.008 inch (0.2 mm) 
slotted draw bar. The resulting plastic sheet was air. dried 
5 minutes and then oven dried for an additional 30 minutes 

20 at about 93°C to a sheet having the thickness of about 0.02 
mm. Optical element 22 of FIG. 4 stamped from this sheet 
had properties similar to that of Example I, but it was noted 
that the combination of cresyl violet perchlorate and nile 
blue A perchlorate in fluorescent layer 24 provided the appear- 

25 ance of more balanced color to the user than did the use of 
cresyl violet perchlorate alone in the fluorescent layer. 
Optical filtering element 22 was found to contrast the dif- 
ference between bright blue sky and white or grey clouds 
even more than the composition of Examples I or II. 

30 The compositions of Examples I, II, and III were found 

to have excellent light stability when tested by accelerated 
light exposure in laboratory temperature and humidity cham- 
bers. It was found, for example, that less than 10% of the 
dye was degenerated after approximately one year's eguiva- 

35 lent sunlight exposure. 

It was found that the composition of Example III could 
be easily modified to produce other color effects, and to 
produce optical filtering elements similar in appearance and 
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color to common grey and green commercial sunglasses. 

Referring to FIG. 5, which is not to scale, one such 
modification was made by coating the element 22 on the side 
opposed to fluorescent composition 24 with a second tinting 
5 lacquer 28 prepared by mixing 32.5 g methyl ethyl ketone, 
40 g cellosolve, 10 g cellulose acetate butyrate, 25 g Rohm 
& Haas Acryloid B-66 (40% solids in toluene), and 1.25 g 
Sandoz Acetosol Yellow RLSN . This yellow dye is stable, 
but is not fluorescent. 

10 The overall color appearance of element 22 of FIG. 5 

is varied from blue-grey to green-grey to green by the ex- 
pedient of varying the concentration of the yellow dye in 
coating 28, or, as shown in FIG. 6, not to scale, coating 
both sides of the element with yellow tinting lacquer 28. 

15 While not shown, in preferred embodiments, a thin barrier 
layer of, for example, clear CAB or adhesive is applied be- 
tween top adjacent layers 24 and 28 to avoid contamination 
of the pure, stable fluorescent dye in layer 24. Contam- 
ination results in the destablization of the stable fluor- 

20 escent dyes, lead to their degeneration, and thus to the 
loss of the improved visual qualities of this invention. 

Optical elements 22 shown in FIGS. 5 and 6 which were 
produced from these variations of FIG. 4 had colors simi- 
lar to commercial sunglass lenses. However, scenes viewed 

25 through them provided a perception of enhanced color due 
apparently to the effects of the fluorescent materials 
incorporated in layer 24, In scenes of low light level 
(sunrise, sunset, cloudy skies) whereas normal commercial 
and polarized sunglasses reduced color perception and there- 

30 fore visual acuity, optical elements 22 provided overall 
reduction in light intensity without loss of color percep- 
tion and with increased contrast. Scenes with blues, blue- 
greens, browns, reds and oranges were found to be especially 
attractive, bright and warm. 

35 Example IV 

In a modification of Example III, the acetosol Yellow 
RLSN tinting dye was added directly to the cresyl violet 
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perchlorate, nile blue A perchlorate lacquer mixture. The 
lacquer resulting from this combination was initially found 
to produce results essentially identical to those produced 
in Example III, FIGS, 5 and 6, in which the fluorescent and 
5 yellow tinting coatings were coated separately. However, 
it was determined that the otherwise fluorescent dye material 
in the element had increased sensitivity to light and tended 
to degrade- Nevertheless, the composition of this example 
has utility for occasional use or for use in areas of limit- 
10 ed light, such as microscope lenses. 

Example V 

This example illustrates another form of optical ele- 
ment and the variety and interchangeability of materials 
which can be used to produce an optical filtering element. * 

15 Referring to FIG. 7, not to scale, optical element 32 in- 
cludes fluorescent material 34 in an interior position of 
element 32. A coating solution was prepared by mixing 57 g 
k sec RS Nitrocellulose/ 30 g ethyl acetate, 13 g butyl ace- 
tate, and 0.10 g pure, stable*, fluorescent, laser grade 

20 cresyl violet perchlorate. This solution was then cast onto 
a sheet of allyl digylycol carbonate using a slotted draw 
bar. After drying to a thickness of about 0.008 mm, the 
resulting fluorescent material containing film was lamina- 
ted to and between a second allyl digylycol carbonate sheet 

25 using polyvinyl acetate-alcohol solvent based optical adhe- 
sive to produce element 32 in which fluorescent material 
containing coating 34 is incorporated between the two outer 
layers 36 of allyl digylycol carbonate. Thus, in this form 
outer layers 36 protect fluorescent material layer 34 from 

30 mechanical damage due to abrasion, wear and exposure to the 
elements. 

Example VI 

A solution of fluorescent material and polyvinyl butyral 
binder was prepared by dissolving 0.010 g cresyl violet per- 
35 chlorate, 0.0017 g Eastman Kodak Company fluorescent, stable, 
laser grade EK #14375 oxazine 170 perchlorate (9-ethylamino- 
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5 ethylimino-10-methyl-5H-benzo (a) phenoxazonium perchlorate) , 
and 10 g Butvar B-74 polyvinyl butyral in 100 g of a solvent 
mixture consisting of 5% water, 8% diacetone alcohol, 10% 
butyl lactate, 12% ethanol and 65% glacial acetic acid. Re- 
5 f erring to FIG. 8, the resulting viscous casting lacquer was 
drawn down in several different solvent containing coatings 
to thicknesses in the range of about 0.002 to about 0.008 
inch (about 0.05 to about 0.2 mm) on the untreated side of a 
commercial optical 0.015 inch (0.375 mm) thick cellulose ace- 

10 tate butyrate (CAB) sheet 44 coated on one side with mela- 
mine abrasive resistant coating 46. After partially drying 
for approximately 15 minutes at 50°C a second sheet of the 
CAB 44 abrasive resistant coated was pressure laminated to 
the fluorescent lacquer coating, abrasive resistant coating 

15 46 out, the cast film having sufficient tack to bond the 

films together. The resulting filtering element 48, includ- 
ing dry fluorescent material containing layer 42 having dry 
thickness in the range of about 0.005 to about 0.02 mm, had 
excellent optical qualities. 

20 In a modification of this technique, the fluorescent 

material containing solution was cast onto a release coated 
glass surface and dried to a tough, coherent film about 0.01 
mm thick by heating at about 70°C for one hour. This film 
was then removed from the glass and then laminated between 

25 two cellulose acetate butyrate abrasive resistant coated 
sheets, as above. The lamination was carried out in two 
operations using a polyvinyl alcohol-acetate optical adhe- 
sive. The resulting optical element was found to provide 
enhanced color and visual acuity to the user. 

30 The untinted versions of this optical element had prop- 

erties similar to those of Example III, the finished ele- 
ment having the layer containing the fluorescent materials 
protected from mechanical deterioration by the hard-sur- 
faced abrasive resistant coating. 

35 Example VII 

A coating solution was prepared by dissolving 2.5 g 
cellulose acetate butyrate and 2.5 g Acryloid B-66 methyl 
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methacrylate acrylic resin in a solvent mixture consisting 
of 60 g methyl ethyl ketone, 25 g toluene and 10 g cello- 
solve. A fluorescent coating solution was prepared by dis- 
solving 0.05 g pure, stable, fluorescent, laser grade cresyl 
5 violet perchlorate, 0.01 g of fluorescent, laser grade nile 
blue A perchlorate, 0.025 g of ethyl antioxidant 360 and 
0.025 g of Ciba-Geigy Tinuvin 326 ultraviolet absorber in 
50 g of the butyrate-acrylic lacquer. A separate tint coat- 
ing solution was then prepared by dissolving 0.5 g stable, 

10 non-fluorescent Eastman Fast Yellow GLP in 9.5 g of a 1:1 
mixture of methyl ethyl ketone and cellosolve, and adding 
this solution to 40 g of the clear butyrate-acrylic lacquer. 

The optical filtering element of PIG. 9, not to scale, 
was then prepared using two sheets 52 of transparent sty- 

15 reneacrylonitrile. One sheet was coated with fluorescent 
layer 54 and one sheet 52 was coated with non-fluorescent 
yellow tinting solution 56, both coatings being made using 
a draw down technique. These coatings were then oven dried 
for 15 minutes at 82°C, with both coatings having a dry 

20 thickness of about 0.02 mm. The two coated sheets were then 
laminated, coated side to coated side, using an optical 
grade polyvinyl-acetate-alcohol adhesive, not shown, which 
joined, but separated fluorescent layer 54 and yellow-tinted 
layer 56 to produce optical filtering element 58. 

25 Example VIII 

Referring to FIG. 10, an optically excellent lens 59 
was prepared by modifying an existing yellow tinted methyl 
methacrylate commercial lens 60, in accordance with the 
teaching of the present invention. Yellow tinted methyl 

30 methacrylate lens 60 was removed from a commercial sunglass, 
and immersed for 30 seconds (so that both sides of lens 60 
would be coated) , in a solution heated to about 51°C contain- 
ing 0.170 g laser grade cresyl violet perchlorate, 0.05 g 
laser grade nile blue A perchlorate, and 0.51 g yellow, 

35 stable, fluorescent, laser grade Exciton Chemical Company 
Fluoral 555, 30 cc spectro grade dimethyl formamide, 70 cc 
spectro grade isobutyl alcohol, and 0.5 g Igepal CO 430 
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surfactant. This lens was oven dried 30 minutes at about 
82°C. The resulting optical element 62, coated on both 
sides with fluorescent coating 61 r less than 0.0254 mm in 
thickness, exhibited a grey-green color. Element 62 was 
5 transparent, non-reflective and of high quality. 

Using the procedure of Example VIII , optical elements 
having tints ranging from the original yellow color of lens 
60 to deep green colors can be obtained by varying the con- 
centration of fluorescent materials in the dip coat, typic- 
10 ally between a total of about 100 and 900 ppm, of the fluor- 
escent materials by weight of the coating solution. 

Example IX 

This example provides an excellent sunglass element 62 
of FIG. 11, not to scale. It can provide the same color as 

15 the grey and grey-green lenses in vogue, yet provides the 
user with markedly increased color perception and visual 
acuity as compared to commercial sunglasses. A coating so- 
lution was prepared by dissolving 1.42 g cellulose acetate 
butyrate, 0.0524 g laser grade cresyl violet perchlorate, 

20 and 0.0104 g laser grade nile blue A perchlorate in a sol- 
vent mixture consisting of 31.6 g methanol, 31.6 g methyl 
ethyl ketone, 25 g cellosolve acetate, and 10.4 g cello- 
solve. A sheet 64 of 0.04 inches (1.0 ram) thick cellulose 
acetate butyrate was coated on one side with this solution, 

25 allowed to air dry 5 minutes, and then oven dried for a- 
bout 15 minutes at about 93°C to form layer 66 which was 
about 0.005 mm in thickness. The other side of the sheet 
was then wash coated with stable, non-fluorescent Schwartz 
Chemical Company LB Yellow Rez-N-Dye to form coating 68. 

30 Depending on the concentrations of the yellow dye, result- 
ing optical element 62 ranged from a blue-grey to a smoke 
color. Lenses which appeared grey-green to green were also 
produced using this technique. All lenses displayed super- 
ior color enhancement as compared to commercial sunglasses. 

35 Example X 

Referring to FIG. 12, not to scale, the optical element 
72 of this example was prepared by first laminating a light 
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polarizing sheet of stretch oriented, iodine containing 
polyvinyl butyral 74 between two 0.015 inch (0.375 mm) layers 
of cellulose acetate butyrate 76. This laminate was then 
immersed in a solution containing 0.8 g cellulose acetate 
5 butyrate, 4.2 g cellosolve acetate, 4.2 g methyl ethyl ke- 
tone, 4.5 g diacetone alcohol, 12.9 g methanol and 0.009 g 
pure, stable, Eastman Kodak Laser Catalogue #14375 bxazine 
170 perchlorate to provide fluorescent material containing 
coating 78 about 0.002 mm thick. After oven drying coatings 

10 78 for 15 minutes at 82°C the element was wash coated and 
tinted by immersion in a solution containing 31 ml water, 
69 ml methanol, 10 ml isopropyl alcohol, and 100 ml Schwartz 
Chemical Company Emerald Green Rez-N-Dye, the element being 
withdrawn slowly and evenly from the solution over a 30 sec- 

15 ond time period. The effect of the timed withdrawal of the 
element from the wash coating was to create variable thick- 
ness coatings 80 of variable tint and color absorption 
similar to some such elements in common commercial sunglass 
. use. 



20 Example XI 

The following composition is highly preferred and is 
especially suited for use in the production of the lens of 
FIG. 8. However, by varying the solvent system, concentra- 
tions, and other components of the composition, it can be 

25 used to form any of the optical systems taught herein. A 
solution of .20 cc. of spectro grade diraethylformamide and 
0.16 g of fluorescent laser grade cresyl violet 670 per- 
chlorate, 0.05 g fluorescent laser grade nile blue 690 
perchlorate and 0.55 g fluorescent laser grade Fluoral 555, 

30 all of which are available from Exciton Chemical Company. 
To this solution was added 10 cc. of N-methyl-2-pyrrolidi- 
none and 70 cc of spectro grade m-xylene. 'For use as a dip 
coating, the solution was heated to about 50°C and, for ex- 
ample, a clear methyl methacrylate lens is inserted into and 

35 then immediately removed from the solution. However, if 
desired the lens can be withdrawn at a uniform rate, in the 
range of say about 2 to 20 cm per minute to achieve a grad- 

Y> wITo ^ 
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ient color effect on the lens. After withdrawal from the 
solution the lens is dried in an oven for about 30 minutes 
at about 82°C to produce a final coating less than about 
0.025 mm thick. The lenses produced from this composition 
5 were of a high quality, non-reflective , transparent nature. 
Color perception through the lenses was not lost, and in 
fact appeared to be enhanced. 

Example XII 

As in Example XI, this composition is highly preferred 
10 and can be used for dip coating to produce the lens of FIG. 
8 or in other optical systems. The composition includes 
0.165 g laser grade fluorescent cresyl violet perchlorate, 
0.05 g laser grade fluorescent nile blue A perchlorate, 
0.525 g laser grade fluorescent Fluor al 555, 20 cc spectro 
15 grade dimethylf ormamide, 10 cc deuterum oxide (D2O) and 
60 cc of N-methyl-2-pyrrolidinone. V7hen used for dip coat- 
ing it is first heated to about 50°C and the coated lens 
subsequently dried as in Example XI. 

It will be understood that the disclosed and other 

20 fluorescent materials may be used in any of the optical ele- 
ment configurations disclosed herein. It is to be further 
understood that any of the fluorescent materials disclosed, 
or other fluorescent dyes or combinations of fluorescent 
dyes and other dyes, opacifiers and/or polarizing elements 

25 can be used in a single optical filter element. 

In all of the foregoing examples, the fluorescent ma- 
terial appeared to have a critical thickness, beyond which 
the optical element gave off a distasteful fluorescent glow 
or reflection. This unexpected problem has been overcome 

30 in the present invention by controlling the thickness of the 
fluorescent layer. Generally, a thickness of about 1 mil 
(0.0254 mm) or less will avoid this problem. It should be 
noted that the thickness of the fluorescent layer may be 
more than a function of the thickness of the coating. Where 

35 the substrate is thermoplastic material and the dye system 
includes solvents, the solvent, and thus the dye may be 
imbibed into the thermoplastic material for some depth 
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Therefore, the solvents and plastics should be selected so 
that the total of imbibition and coating thickness does not 
exceed about 1 mil. 

Although the invention has been particularly described 

5 and shown with reference to preferred embodiments therein, 
it will be understood by those skilled in the art that the 
foregoing and other changes in form and detail may be made 
therein without departing from the spirit and scope of %he 
invention. 

10 What is claimed is: ' 
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CLAIMS 1. A substantially solid, dry, substantially trans 
parent optical filter element which absorbs, on the aver- 
age, from about 10% to about 99%, and transmits, on the 
average, from about 907* to about 1% visible radiation 
having wavelengths in the range of about 400 nm to about 
700 nm including: 

optical means, said optical means including at least one 
substantially discrete fluorescent means having two 
opposed surfaces, said fluorescent means including fluor- 
escent material which is substantially stable and which 
has the ability to absorb transversing visible radiation 
of one or more wavelengths which is incident on one sur- 
face of said fluorescent means and to then emit visible 
radiation from its opposed surface, substantial amounts 
of said emitted radiation being at different wavelengths 
than the radiation absorbed, said fluorescent means being 
of a thickness of no greater than about 1 mil CO. 0254 mm) 
between its opposed surfaces so that the incident side 
of said fluorescent means does not scatter, reflect or 
emit substantial amounts of radiation. 

2. The optical filter element of claim 1 wherein 
said optical means includes a transparent substrate 
having two opposed surfaces, said transparent substrate 
and fluorescent means being substantially parallel and 

in light transmitting optical relationship to one another. 

3 . The optical filtering element of claim 1 
wherein said optical means includes non-fluorescent 
optical means substantially parallel to and included in 
light transmitting optical relationship to said optical 
means . 

4. The optical filter element of claim 1 or 3 
wherein the stable fluorescent material is selected from 
the group of dyes consisting of light stable oxazine, 
light stable carbazine and light stable carbopyronin 
represented by the following generic structural formula; 
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the group consisting of a hydrogen atom; a lower alkyl 
radical; a lower alkoxy radical; a lower alkyl radical 
containing one solubilizing substituent from among the 
group -SO3H, -COOH, -OH, and -NH 2 ; and R 1 and R 10 , R 2 
and R 3 , R^ and R 4 , and R 6 and R 7 each represent a pair 
of atoms which, when taken together, represent the car- 
bon atoms necessary to complete a fused 5-, 6-, or 7- 
membered heterocyclic ring; 

R 3 , R 4 , R 7 , R 8 , R 9 , and R 10 each represent a member sel- 
ected from the group consisting of a hydrogen atom; a 
lower alkyl radical; a lower alkoxy radical; an aryl 
group; a halogen atom; and R 7 and R 8 , and R 5 and R 10 
each represent a pair of atoms which, when taken togeth- 
er, represent the carbon atoms necessary to complete a 
fused 5- and 6-membered carbocyclic or heterocyclic ring; 
2- represents an anion; 

A represents an atom selected from the group consisting 
of oxygen? sulfur; and selenium; 

B represents a member selected from the group consisting 
of a hydroxyl radical; a thiol radical; a selenol radi- 
cal; and an amine radical; 

D represents a member selected from the group consisting 
of an oxygen atom; a sulfur atom; a selenium atom; and 
a carbon atom with two additional substituents each be- 
ing a member selected from the group consisting of a 
hydrogen atom; a lower alkyl radical; an alkoxy radical; 
a thioalkyl radical; C-l and C-5 of 3-oxo-l, 4-pentadiene; 
and C-2 and C-6 of 4-oxo-3, 5-dimethyl-2, 5-heptadiene; 
E represents, a member selected from the group consisting 
of a nitrogen atom; a phosphorous atom; a carbon atom 
with one additional substituent selected from the group 
consisting of a hydrogen atom; a lower alkyl radical; a 
one to three ring aryl radical; a heterocyclic ring; 
C-2 of a benzoic acid radical; and C-2 on the aromatic 
ring of an ethyl benzoate radical. 
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. 5. The optical filter element of claim 4 wherein the stable 
fluorescent material is cresyl violet perchlorate having 
a structure and formula of: 




wherein Z~ is C10^ 

6. The optical filter element of claim 4 wherein the stable 
fluorescent material is nile blue A perchlorate having 
a structure and formula of: 




wherein Z is C10J 

7. The optical filter element of claim 4 wherein the stable 
fluorescent material is carbopyronin 149 having a struc- 
ture and formula of: 




wherein Z" is an anion 
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8. The optical filter element of claim 4 wherein 
the stable fluorescent material is carbazine 122 having 
a structure and formula of: 




9. The optical filter element of claim 4 wherein 
the stable fluorescent material is oxazine 170 perchlorate 
having a standard chemical name of: 

9-ethylamino-5-ethylimino-10-methyl-5K-benzo (a) phenoxa- 
zonium perchlorate. 

10. The optical filter element of claim 4 wherein 
the stable fluorescent material includes a combination 

of cresyl violet perchlorate and nile blue A perchlorate. 

11. The optical filter element of claim 2 
wherein said fluorescent means is the body of said optical 
element. 

12. The optical filter element of claim 2 
wherein said fluorescent means is present as a coating 
on at least one surface of said transparent substrate. 

13. The optical filter element of claim 2 
wherein said fluorescent means is present as a film 
associated with at least one surface of said transparent 
substrate. 

14. The optical filter element of claim 2 
wherein said fluorescent means is present as a substan- 
tially discrete layer imbibed in one surface of said 
transparent substrate of said optical element. 

15. The optical filter element of claim 3 wherein 
said non-fluorescent optical means is means for tinting 
said element. 
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16. The optical filter element of claim 11 wherein 
said fluorescent means includes substantially only 

light stable fluorescent material and wherein non- 
fluorescent optical means including tinting means are 
present in combination with said optical filter element, 
but separate from said stable fluorescent material. 

17. The optical filter element of claim 12 wherein 
said fluorescent means includes substantially only light 
stable fluorescent material and wherein non-fluorescent 
optical means including tinting means are present in 
combination with said optical filter element, but separate 
from said stable fluorescent material. 

18 . The optical filter element of claim 13 wherein 
said fluorescent means includes substantially only light 
stable fluorescent material and wherein non-fluore scent 
optical means including tinting means are present in 
combination with said optical filter element, but 
separate from said stable fluorescent material. 

19. The optical filter element of claim 14 wherein 
said fluorescent means includes substantially only light 
stable fluorescent material and wherein non-fluorescent 
optical means including tinting means are present in 
combination with said optical filter element, but 
separate from said stable fluorescent material. 

20. The optical filter element of claim 15 wherein 
said tinting means is yellow. 

21. The optical filter element of claim 3 wherein 
said non-fluorescent means is means for polarizing light. 

22. The method of making the optical filter 
element of claim 11 including the steps of: 

dissolving said fluorescent means and a non-inter- 
fering optical coating material in a compatable non- 
interfering solvent; and then forming said combination 
into an optical element. 

23. The method of making the optical filter elemen- 
of claim 12 including the steps of: 

dissolving said fluorescent means in a non-interfer- 
ing solvent; and then coating said solution on at least 

( > _ cwp* 
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one surface of said transparent substrate. 

24. The method of claim 23 wherein a non-interfer- 
ing optical coating material is combined with said 
dissolved fluorescent material prior to coating. 

25. The method of making the optical filter 
element of claim 12 including the steps of: 

dissolving and combining said fluorescent means 
and a non-interfering solvent; casting said solution on a 
surface; drying said cast solution to form a film; 
removing said film from said surface; and then associat- 
ing said film with said transparent substrate. 

26. The method of claim 25 wherein said fluorescent 
means is dichroic and wherein said film is stretched 
uniaxially to form a light polarizing sheet before it is 
associated with said transparent substrate. 

27. The optical filter element of claim 15 wherein 
said tinting means renders said optical filter element 
yellow, yellow-green, green, green-grey or grey. 

28. The optical filter element of claim 15 wherein 
said non-fluorescent means renders the visible light 
absorption characteristics of said element more uniform 
across the visible spectrum than it would be with only 
said fluorescent means . 

29. The optical filter element of claim 15 wherein 
said fluorescent means includes stable cresyl violet 
perchlorate. 

30. The optical filter element of claim 15 wherein 
said fluorescent means includes stable nile blue A 
perchlorate. 

31. The optical filter element of claim 15 wherein 
said fluorescent means includes stable oxazine 170 
perchlorate. 

32. The optical filter element of claim 15 wherein 
said fluorescent means includes in combination stable 
cresyl violet perchlorate and oxazine 170 perchlorate, 
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33. The optical filter element of claim 32 wherein 
said tinting means is yellow. 

34. Human eyewear wherein the optical portion of 
said eyewear includes the optical means of claim 1 or 3 . 
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01 JANUARY 1976, K. MIELENZ ET AL., 
"ELIMINATION OF POLARIZATION BIAS IN 
FLUORESCENCE INTENSITY MEASUREMENTS , 
SEE PAGE 372, "EXPERIMENTAL" . 

N, CHEMICAL ABSTRACTS, VOLUME 85, NO. 16, 
ISSUED 18 OCTOBER 1976 (COLUMBUS, OHIO, 
USA) THE ABSTRACT NO. 114369n, DREXHAGE, 
K. ET AL., "NEW HIGHLY EFFICIENT LASER 
DYES". 



6, 10, 30 



7-9, 31-32 



V£] OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE » 



This International March report has not fawn established In respect of certain claim. under Article 17(2) (a) forth* followina; reasons: 
iQ Claim number! .. because they relate to subject matter w not required to be Marched by this Authority, namely: 



2T] Claim numbers . because they relate to part* of the international application that do not comply wllh the prescribed require- 

mBnt , to such an extent that no meaningful International search can be carried out specifically: 



VlQ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING » 



This International Seerchina Authority found multiple Inventions In this International application as follows: 



iQ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable dalms 
of the International application. 

2.n As only some of the required additional search fees were timely paid by the applicant, this international search report covers only 
those claims of the International application for which fees were paid, specifically claims: 



3.n No required additional search fees ware timely paid by the applicant. Consequently, this International search report Is restricted to 
the Invention first mentioned in the claims: It Is covered by claim numbsrs: 



Remark on Protest 

Q The additional search fees were accompanied by applicant's protest 
pj No protest accompanied the payment of additional search fees. 
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